SPECIFICATION 



LCD DISPLAY DEVICE WITH DISPLAY DENSITY ADJUSTING FUNCTION 

5 

FIELD OF THE INVENTION 

The present invention relates to. a LCD display device whose 
display density is preferably adjustable. 

10 BACKGROUND OF THE INVENTION 

Since liquid crystal display element (hereafter, referred 
to as LCD) consumes rather small amount of current, and a large 
number of display pixels (hereafter, referred to as display 
segments ) can be driven by a driving system called dynamic drive 
15 with a small number of terminals, said LCD is effective on down 
sizing and thereby has been used frequently in various fields. 

When a large amount of display segment is driven by a small 
number of tejnninals, however, LCD shows some drawbacks as: 
(D a visible angle for clear display is limited (see Fig. 

20 1); 

(2) when the drive voltage varies, density of display is made 
to vary also, which makes visibility rather difficult; and 

@ depending on the temperature, density of display varies, 
which also makes visibility rather difficult. 
25 If a large amount of terminals could be used to drive a large 

amount of display segments, these problems would not occur, but 
as a matter of fact it is rather difficult to make such packaging. 
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Though, in general, as countermeasures to solve these 
problems, a stabilized voltage is applied to a LCD drive unit 
to prevent variation of the drive voltage, and, on the other 
hand, when the density of display changes due to the variation 
5 of the visual angle or the temperature, the drive voltage is 
adjusted using volume knob so as to provide good visibility at 
that time, it is rather troublesome and inconvenient for a user 
to have to adjust every time when the using environment changes, 
and at the same time the number of components increases resulting 

10 in cost-increase (see Figs. 2, 3, 4). 

The object of the present invention is to provide LCD display 
device capable of always supplying fine LCD display suitable 
for its using condition without depending on a means for 
adjusting LCD drive voltage by volume knob and without 

15 significant cost increase. 

DISCLOSURE OF THE INVENTION 

According to a characteristic feature of the present 
invention, a using condition is detected and a time period (Tp) 

20 for adjusting a voltage difference between all common terminals 
and all segment tejrminals connected to the LCD to be equal or 
near to zero is inserted into one frame period of LCD drive so 
that the effective voltages of common terminals and segment 
terminals may be controlled to be voltages suitable for detected 

25 using condition. 

According to an embodiment of the invention, a mechanism for 
detecting the using condition is provided such as: a voltage 
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detector is added when the using voltage varies due to the battery 
or the like; a temperature detector is added by the use of 
temperature sensitive resistance when the temperature varies; 
the using condition is detected by the key operation when the 
5 visual angle varies depending on the using condition; and the 
density of display of the LCD is adjusted based on a signal from 
an input device by providing a key for density of display so 
as for the user to operate said key when the using condition 
is not obvious, and thereby, based on the stored or input 

10 information about conditions , the time period (Tq) for ad justing 
a voltage difference between all common terminals and all 
segment terminals connected to the LCD to be 0 V is provided 
and said time period (Tq) is made to be variable so that the 
effective voltage may be changed. 

15 There will now be described the present invention in detail 

based on a preferred embodiment thereof with reference to the 
attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. 1 is an explanatory drawing for illustrating visibility 

of the LCD display; 

Fig. 2 is a block diagram illustrating an example of the 
conventional LCD drive circuit; 

Fig. 3 shows some examples of drive voltage waveform of the 
25 conventional LCD; 

Fig. 4 is a general correlation diagram of brightness and 
effective voltage; 
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Fig. 5 is a block diagram illustrating a LCD drive circuit 
of an embodiment of the present invention; 

Fig. 6 shows LCD drive voltage waveforms of an embodiment 
of the present invention; 
5 Fig. 7 also shows LCD drive voltage waveforms of an embodiment 

of the present invention; and 

Fig. 8 is a correlation diagram of brightness and effective 
voltage of an embodiment of the present invention. 



10 PREFERRED EMBODIMENT OF THE PRESENT INVENTION 

Fig. 5 shows a block diagram of an embodiment of the invention, 
where a drive system is 1/2 bias 4 time division, TO = M * T, 
and M is integer equal to or more than 0. 

The difference of the present embodiment from the 
15 conventional 1/2 bias^ 4 t ime division is in only these point 
below: ♦ 

® a counter counts, according to numerical value equal to 
or more than 0 given by a controller, from 0 to (3+M) repeatedly, 
and outputs the counted value; and 
20 (D when the numerical value given by the counter is equal 

to or more than 4, a selector for common terminal and a selector 
for segment terminal select and output Vq for all output 
terminals; 

which means that what is required is quite a simple addition. 
25 The controller calculates an optimum density value M for the 

current condition by a voltage detector and a/ key switch (not 
shown )\ and outputs it to the counter. 
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The counter counts the number of times from 0 to (3+M) 
repeatedly every time when T is input. 

The selector for common terminal selects and outputs Vg, based 
on the output value from the counter, to COMl if it is 0, to 
COM2 if it is 1, to COM3 if it is 2 , or to COM 4 if it is 3 . 
If it is equal to or more than 4 , Vq is output to all COM terminals . 
In other case, = 1/2 is output. 

RAM for display outputs to the selector for segment terminal , 
based on the output value from the counter, a n-bit data 
corresponding to COMl if it is 0, that corresponding to COM2 
if it is 1 , that corresponding to COM3 if it is 2 , or that 
corresponding to COM 4 if it is 3. If the value is equal to 
or more than 4, all of the n-bit data is output as 0. 

The selector for segment terminal outputs to the 
corresponding segment terminals, based on the n-bit data output 
from the RAM for display, if the bit is 1, and Vq if the bit 
is 0. 

When the LCD drive unit described in the block diagram (Fig. 
5) is employed, the outputs shown in Figs. 6, 7 are obtained. 

During the time period (Tq), the same voltage Vq is applied 
to all terminals. In case of Tq = M * T, the effective value 
of voltage V4off(^) applied to the unlighted segment (f) is 
calculated as: 

V4off(M)' = {O^T + 1/2Vi3d' X 3T/2 + (-1/2Vdd) ' x 3T/2 + O' x MT} 
/ (4+M)T 
= V^^' X 3 / (16 + 4-M) 
V4opt(M) = (3 / (16 + 4-M))^/^ X V,^ 



The effective voltage V^q^{M) applied to the lighted segment (e) 
is calculated as: 

V4on(M)' = {(- V^^y X T/2 + V^p' X T/2 + (1/2V^J' x 3 x T/2 
+ {-l/2V^j,y X 3 X T/2 + 0' x M X T} / (4 + M) T 
5 = V^^^ X 7 / (16 + 4-M) 

V4on(M) = (7 / (16 + X V,^ 

In case of M = 0, comparing above expressions with those for 
the typical 1/2 bias 4 time division of the ''conventional 
example", they coincide with each other as: 
10 V,^^(0) = (3 / 16)^/^ X V^^ = V,,^ 

V4on(0) - (7 / 16)^/^ X V^^ = V,o^, 
That is, when M = 0, the conditions is identical with those of 
conventional 1/2 bias 4 time division in which ''the time period 
(To) which causes the voltage difference between all common 
15 terminals and all segment terminals connected to the LCD to be 
zero is not inserted" • 

Above expressions can be rewritten as follows: 
V4off(M) = (3 / (16 + 4*M))'^' X V^^ = (3 / 16)'/' x (4/(4+ M))'/' 
X V^^ = (3 / 16)'/' X V^^' 
20 V,o^(M) = (7 / (16 + 4*M) )'/' X = (7 / 16)'^' x (4/(4+ M) )'/' 

X V^^ = (7 / 16)'/' X V^^' 
where, V^.^' = (4/(4+ M))'/' x V^^ 

That is, since an apparent drive voltage Vd^' may be changed by 
changing M without changing V^d/ the change of M provides the 
25 same effect as that caused by the change of V^^, Therefore, it 
is proved that, according to the invention, LCD display may be 
held in optimum condition by adding quite a small logic portion 
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without adjusting V^d by volume knob. 

The case where the present invention is applied to an 
equipment in which V^u varies will be described as an example. 
Above expressions may be rewritten as: 
5 "Jud'' = V^^' X 4/(4+ M) 

M = 4 X V^i^W V^^'^ - 4 

In the equipment in which two pieces of single-4 type dry 
cells are used directly to supply LCD drive voltage, a lower 
limit voltage to guarantee an operation of the equipment is 

10 assumed to be 2V. The LCD is designed so as to provide fine 
display at V^d = 2V, and M = 0. At that time, the apparent drive 
voltage is V^d' = V^d = 2V since M = 0. 

When the cell is sufficiently charged, that is, when V^d = 
3V, M value for making the apparent drive voltage to be V^d' = 

15 2V is calculated as: 

M = 4x3W2'-4 = 5 
and thereby, when the tdLme period for causing the voltage 
difference between all common terminals and all segment 
terminals to be zero during Tq = 5T is inserted, the apparent 

20 drive voltage may be held as V^d' = 2V and fine display may be 
maintained. 

When the control device is designed so as to measure the 
voltage by the voltage detector while using the equipment, to 
calculate the M value by the use of above expressions, and to 
25 drive the LCD based thereon, the fine LCD display may be provided 
within the range down to the lower limit voltage to guarantee 
the operation even if the cell discharges. This is effective 
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also on the weighing machine with body fat meter in which the 
visual angle varies widely depending on the using condition. 

The liquid crystal material is arranged so that the same 
condition as that shown by the conventional example may be 
5 accomplished in which, when the LCD display being viewed from 
40 degree of inclined direction, the effective value of voltage 
for reaching the brightness of Nopp is 1,6 V and that for Nqn is 
1.8 V, and, when the LCD display being viewed from 90 degree 
of inclined direction, the effective value of voltage for 
10 reaching the brightness of is 2.4 v and that for is 2.8 
v. 

It is assumed that V^^ = 4.4 V, and, when the visual angle 
being 90 degree, it is assumed that M = 0, and, when the visual 
angle being 40 degree, it is assumed that M = 2. 
15 For each case, unlighted outputs V^qff (0)/ ^4^^ (0), V^o^p (2), 

V40N (2) are calculated as follows: 

(0) = 1.91 V V40H (0) = 2.91 V 

V40FF (2) = 1.56 V V,^^ (2) = 2.38 V 

When the visual angle is 4 0 degree, the brightness under the 
20 unlighted output V^^^ (2) is higher than N and it is under 
unlighted condition. The brightness under the lighted output 
(2) is sufficiently lower than Nqn and it is under lighted 
condition. 

When the visual angle is 90 degree, the brightness under the 
25 unlighted output V40PP (0) is sufficiently higher than N off ^^d 
it is under unlighted condition. The brightness under the 
lighted output V40N (0) is lower than and it is under lighted 
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condition. Therefore, when it is 4 time division, the fine LCD 
display capable of coping with wide visual angle may be 
accomplished by setting as M = 0 or 2 . This means that the fine 
LCD display may be accomplished while keeping the number of 
5 terminals of LCD and LCD drive unit to be small value. When 
the M value is. increased, finer display with wider visual angle 
may be obtained. 

In case where the invention is applied to the weighing machine 
with body fat meter, when the setting key is pushed, "setting 
10 mode" is employed and a person to be measured inputs his sex, 
year range, and height. Under ''setting mode", the controller 
sets M = 2 for the counter for LCD drive. Thereby, under "setting 
mode", the finest display is provided for the visual angle of 
about 40 degree. 

15 When the measuring key is pushed, "measuring mode" is 

employed in which a person to be measured takes standing posture 
and his weight and bio-impedance are measured. Under "measuring 
mode", the controller set M = 0 for the counter for LCD drive. 
Thereby, under "measuring mode" , the finest display is provided 

20 for the visual angle of about 90 degree. 

Though it is set to M = 2 in order to explain that wider visual 
angle is accomplished, M = 1 may be sufficient since the visual 
angle in an actual "setting mode" is near to 60 degree. 

Though the output voltages of all common and segment 

25 terminals during To time period are represented by square wave 
AC voltage Vq for simple explanation, DC voltage, for example, 
Vq (= 1/2 Vdd)/ may be employed since the requirement is that 



9 



the output voltages of the common and the segment terminals are 
identical. 

Though it is set to Tq = M * unit time during Tq time period 
may be *'t" which is shorter than T. The shorter the "t" is, 
the more finely the length of Tq time period may be set, and 
accordingly the apparent effective value of voltage, that is, 
the density of display, may be controlled more finely* 

Though, in the present embodiment, the method for 
controlling the density of display by selecting either of "the 
state for always inserting the time period (Tq)" or "the state 
for always non- inserting the time period (Tq)" in 1 frame period 
Tp, another method may be employed in which N frame period is 
treated as 1 period and the state for the time period (Tq) to 
be inserted into only M frame periods among them is provided. 

Since this allows the density of display which is between 
that in "the state for always inserting the time period (Tq)" 
and that in "the state for always non-inserting the time period 
(To)" to be formed artificially, the density of display can be 
adjusted more finely. 

Though, in the embodiment, 4 time division is employed, it 
is a matter of course that better display quality may be 
accomplished when 3 time division or 2 time division is employed 
as a base. 

In addition, since the basic principle is that the effective 
value of voltage is lowered relatively by inserting the time 
period for reducing the voltage applied to all segments to be 
zero, it is obvious that this principle is effective on not only 
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1/2 bias but also on 1/3 bias or 1/N bias. 

Further, since it is not necessary that all common terminals 
and all segment terminals have the same voltage during Tq time 
period but all the requirement is that the voltages applied to 
all terminal are lower, each of all common terminals and all 
segment terminals may have individual voltage respectively as 
long as the voltages applied to all segments are made lower within 
the range having non-negative effect on the display when the 
bias voltages is finely adjustable, for example, in case where 
N is large in 1/N bias - 

As described above, the present invention provides the LCD 
drive unit which, in the equipment where the number of terminals 
of LCD is limited, may supply optimum density of display in 
response to the using condition without adjusting the drive 
voltage by volume knob or the like and with a little modification 
and with quite low cost. 

In addition, since this unit allows to change the density 
of display with simple control, it can be easily controlled by 
the controller. 

Though the density of the LCD display is usually turned paler 
to be indistinct when, in the equipment powered by the cell, 
the cell discharges and the LCD drive voltage lowers steeply, 
according to the present invention, it is easy to add the voltage 
detector and to attach the controller which adjusts the density 
of display automatically based on the detected data supplied 
from said voltage detector. 

Further, in the weighing machine with body fat meter, since 




a person to be measured looks at the LCD typically from inclined 
direction when he set his personal data, the density of display 
is in cross talk condition and is too dark to be read. Since 
he is in standing posture and looks at the LCD from approximately 
5 vertical direction when his weight and impedance value are 
measured, the display turns paler and falls into lack of 
contrast . 

According to the present invention, the density of display 
is easily controlled so that the fine display density may be 
10 provided for the inclined angle direction when the personal data 
is set, and also the fine display density may be provided for 
the vertical direction during measuring. 

As described above, the LCD drive unit of the present 
invention has noticeable effect that the fine LCD display may 
15 be provided without troublesome operation such as user's volume 
adjusting and with small numbers of terminals and quite low cost . 
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